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Brief Report

Objectives: This study aimed to analyze the mortality of heart disease (HD), ischemic heart disease (IHD), and cerebrovascular disease 

(CeVD) through an age-period-cohort (APC) analysis.

Methods: We used data on mortality due to cardiovascular disease from 1995 to 2018 in Japan, as determined by Vital Statistics. Age 

groups from 0 years to 99 years were defined by 5-year increments, and cohorts were defined for each age group of each year with a 

1-year shift. We used Bayesian APC analysis to decompose the changes in the diseases’ mortality rates into age, period, and cohort ef-

fects.

Results: The period effects for all diseases decreased during the analyzed periods for both men and women. The cohort effects for 

men increased substantially in cohorts born from around 1940 to the 1970s for all types of cardiovascular diseases. The cohort effects 

of HD decreased in the cohorts born in the 1970s or later for both men and women. Regarding IHD and CeVD, either a non-increase or 

decrease of cohort effects was confirmed for cohorts born in the 1970s or later for men, but the effects for women showed a continu-

ously increasing trend in the cohorts born in the 1960s or later.

Conclusions: The cohort effects for IHD and CeVD showed increasing trends in younger generations of women. This suggests that 

preventive approaches against cardiovascular diseases are needed, particularly for women.
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INTRODUCTION

Cardiovascular diseases (CVDs), including heart disease (HD) 
and cerebrovascular disease (CeVD), are among the leading 
causes of death in Japan [1]. Among the various forms of HD, 
ischemic heart disease (IHD) is closely related to an individual’s 
lifestyle, as is CeVD, and trends in IHD by itself are usually a fo-
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cus of attention [2-5]. The numbers of IHD and CeVD patients 
are decreasing throughout Japan [6]. The estimated number 
of IHD patients decreased from 1.19 million in 1996 to 0.72 
million in 2017, and that of CeVD patients decreased from 1.73 
million in 1996 to 1.12 million in 2017. In addition, it has been 
reported that the age-adjusted mortality rates for HD and cor-
onary heart disease are decreasing for those born after 1970 
[7,8]. The age-adjusted mortality per 100 000 persons for men 
decreased from around 160 in 1970 to around 60 in 2015. A 
decrease was seen for women from around 120 in 1970 to 
around 40 in 2015. However, the birth cohort effects for the 
current young generations remain unknown.

Age-period-cohort (APC) analyses are often used to investi-
gate disease trends [9]. This method decomposes changes in 
statistics into age, period, and cohort effects. Although an APC 
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analysis for HD has not been conducted in Japan, APC analy-
ses have already been conducted for CeVD and IHD in Japan 
[2,10] and other countries [3-5,11,12]. However, the data used 
in those studies were from 1955 to 2000 [2] and from 1960 to 
2000, respectively [10]. The cohorts that were analyzed were 
born between 1871 and 1970, whereas the cohort effects in 
younger generations have not been investigated yet.

Further, although previous studies used stratified APC mod-
els [2,10], the estimated age effects did not reflect the increase 
in mortality rate with age. Therefore, some assumptions of 
those models may not be consistent with the data. In a study 
investigating trends in CVD mortality using data from 1950 to 
2010 [13], all CVDs were analyzed altogether, meaning that 
potential differences according to the type of CVD were not 
taken into account. Furthermore, that study used a sequential 
method when estimating the APC model parameters, and the 
cohort effects were not determined uniquely. Although results 
from 2 models were shown for the cohort effects in the previ-
ous study [13], which method produced a more accurate esti-
mate could not be fully elucidated. 

We used a Bayesian APC model, as it takes into account the 
continuity of effects among adjacent time points. By using the 
Bayesian APC analysis method, we can estimate each parame-
ter uniquely, without the problem of parameter identifiability, 
which often arises when using frequentist methods. In this 
study, we conducted an APC analysis of the mortality rates of 
HD, IHD, and CeVD in Japan. Although IHD is a form of HD, we 
conducted a separate analysis of IHD because IHD trends can 
differ from those of HD.

METHODS

We used data from Vital Statistics in Japan [14], which tallies 
the numbers of births, deaths, marriages, and other demo-
graphic factors in Japan. In Japan, death certificates are com-
pleted by physicians and submitted to municipalities, as is re-
quired by law. Death reports are collected in each municipality 
and in health centers throughout Japan. All of the information 
from death reports is finally sent to the Ministry of Health, La-
bour and Welfare of Japan [15]. 

We analyzed the yearly HD, IHD, and CeVD mortality and the 
total population number by age group and gender from 1995 
to 2018. The International Classification of Diseases, 10th revi-
sion (ICD-10) codes were put into practice in 1995. Additional-
ly, death certificates were also changed in 1995 [16]. The mor-

tality statistics for CVDs also changed after this period. There-
fore, we used data from 1995 in this study. We used the follow-
ing ICD-10 codes to classify deaths caused by CVD: I01-I02.0, 
I05-I09, I20-I25, I27, and I30-I52 for HD; I20-I25 for IHD; and 
I60-I69 for CeVD. Hypertensive diseases were not included as 
HD.

First, we calculated the yearly mortality of HD, IHD, and 
CeVD per 100 000 people, as well as the age-adjusted yearly 
mortality of HD, IHD, and CeVD per 100 000 people. The age-
adjusted yearly mortality of the diseases was calculated using 
the direct method [17]; the men population in 1995 was used 
as the standard population.

We used a Bayesian APC model [9] for the analysis. A first-
order correlated random-walk was used to identify parameters 
as the Bayesian prior distributions for each effect. Although a 
second-order correlated random-walk is occasionally used 
with Bayesian APC models, in our study, the parameters could 
not be uniquely identified. Therefore, we used the Hamiltoni-
an Monte Carlo method to estimate the parameters. All statis-
tical analyses were conducted using R version 3.5.1 (https://
cran.r-project.org/bin/windows/base/old/3.5.1/). Programs for 
the Bayesian APC model were written by the author using 
rstan software (https://rdrr.io/cran/rstan/), and figures were 
created by using ggplot2 (https://ggplot2.tidyverse.org/) and 
cowplot (https://cran.r-project.org/web/packages/cowplot/in-
dex.html). In order to evaluate the fit of the model, we com-
pared the APC model with the following models: an age mod-
el (an APC model that does not contain period or cohort ef-
fects), an age-period model (an APC model that does not con-
tain cohort effects), and an age-cohort model (an APC model 
that does not contain period effects).

The age groups were defined from 0-4 years to 95-99 years 
by 5-year increments in the data. However, population data 
for the age group of 90-99 years could not be obtained for 
some years. Therefore, those who were 90-94 years old in 1995 
(i.e., those who were born in 1901-1905) were the first cohort, 
as this was the oldest birth cohort in the data set. Through a 
1-year shift of the birth years, starting from the first cohort, 
the age group of 0-4 years in 2018 (i.e., those who were born 
in 2014-2018) was the last cohort.

Ethics Statement
The institutional review board approval is not required be-

cause we analyzed the data that are available to the public.
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RESULTS

Supplemental Material 1 shows the yearly mortality of HD, 
IHD, and CeVD per 100 000 people. The mortality due to HD in-
creased throughout the analyzed period, and the degree of in-
crease was larger for women than for men. Although the mor-
tality due to IHD showed a slightly increasing trend for men, 
mortality for women showed a slightly decreasing trend. Mor-
tality due to CeVD decreased throughout the analyzed periods 
for both men and women.

Figure 1 shows the age-adjusted yearly mortality rates of 
HD, IHD, and CeVD per 100 000 people. The mortality rates of 
all diseases decreased throughout the analyzed period, and all 
mortality rates were consistently lower for women than for 
men. The most substantial decrease was seen in the mortality 
rates for CeVD in both men and women.

Supplemental Material 2 shows the model fit statistics for all 
the models. The Deviance information criterion (DIC) is a crite-
rion for evaluating Bayesian models. Lower values of the DIC 
indicate better model fit. For most of the combinations of dis-
ease and gender, the DIC of the APC model was the smallest.

Figure 2 shows the results of the APC analysis for mortality 
in men due to HD, IHD, and CeVD. The change in the age effect 
was more substantial than the changes in other effects, and 
the effects exponentially increased from around the age of 50 
years. The period effect decreased from 1995 to 2018 for all 
types of diseases. The cohort effect on HD showed an increas-
ing trend from the earliest cohort until the cohorts born 

around 1970. In contrast, focusing on IHD, the cohort effect 
showed a decreasing trend from the earliest cohort until the 
cohorts born around 1940, which then increased until the co-
horts born around 1970. Then, the cohort effect decreased un-
til the cohort born in 1995 and remained flat after that. The 
cohort effect for CeVD also decreased from the earliest cohort 
until the cohorts born around 1940 and then increased until 
the cohorts born around 1980. Thereafter, the effect showed a 
gradually decreasing trend.

Figure 3 shows the results of the APC analysis for mortality 
in women due to HD, IHD, and CeVD. The trends of the age 
and period effects were similar to those of men. However, the 
rate ratio of the age effect became higher in older ages for 
women than for men. The cohort effect on HD fluctuated until 
the cohorts born around 1970, after which a decreasing trend 
was observed. The effect on IHD showed a decreasing trend 
from the start until around the cohort born in 1948, stabilized 
for some time, and then showed a gradually increasing trend 
starting around the cohort born in 1960. The cohort effect on 
CeVD showed relatively similar trends to those of IHD.

DISCUSSION

In this study, we conducted APC analyses of the mortality 
rates of HD, IHD, and CeVD. Our findings highlight changes in 
cohort effects from those who were born in the early 20th 
century to those born in the early 21st century.

The results of the APC analysis showed that the scale of the 

Figure 1. The age-adjusted yearly mortality rates of men (A) and women (B) for heart disease (HD), ischemic heart disease (IHD), 
and cerebrovascular disease (CeVD) per 100 000 persons from 1995 to 2018. 
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age effects was more extensive than that of the other effects 
for all the diseases. The mortality rates of these diseases in-
crease substantially with age, and age has the most significant 
effect on mortality. Although the shapes of the age effects be-
tween men and women were similar, the age effect became 
stronger for women than it did for men as age increased. This 
reflects the increasing mortality rate in women with age (at 
around 75 years or older). Although the overall mortality rate 
for women was lower than men, as shown in Figure 1, the dif-
ference in mortality among age groups was larger for women 
than men. In other words, the mortality rates in younger 
women were particularly low. 

In a previous study that investigated mortality due to all 
CVDs through an APC analysis, using data from 1950 to 2010 
[13], the period effect on CVDs as a whole was shown to de-
crease. In the present study, a decreased period effect was ob-

served for each type of CVD. The gross mortality rate of HD in-
creased (Supplemental Material 1), and it is considered that 
the incidence of non-IHD HD increased. These trends are 
thought to have resulted from the increased proportion of 
older people in the population, as the age-adjusted mortality 
rate of HD decreased (Figure 1). As the results of the APC anal-
yses show, the scale of age effects was more significant for HD 
than for the other diseases. Therefore, the gross mortality rate 
of HD is affected more by aging than those of IHD and CeVD.

In contrast, the cohort effects were different when analyzed 
by disease and gender. In particular, the cohort effects of HD 
were different between men and women, which is considered 
to be partially related to the IHD results. Although the cohort 
effect on IHD increased substantially for men from cohorts 
born around 1940, the magnitude of the increase was smaller 
for women, and this affected the HD results. Furthermore, the 

Figure 2. Results of age-period-cohort analysis of heart disease (HD), ischemic heart disease (IHD), and cerebrovascular disease 
(CeVD) for men. The y-axis indicates the rate ratio (RR) among the effects. Solid lines signify estimates of each effect, and the 
shadings show credible intervals of each effect. A 95% credible interval indicates the interval where the true value of the esti-
mate is included with a probability of 95%.
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cohort effects on HD for both men and women began to de-
crease starting with cohorts born around 1970, but the mag-
nitude of the decrease was more substantial for men, and this 
was also related to the effects of IHD. An APC analysis for HD 
has not been conducted previously in Japan, and our findings 
indicate that the cohort effects decreased in the cohorts born 
in the 1970s or later for both men and women.

According to a previous study that investigated mortality 
from 1955 to 2000 for IHD [2], the cohort effect decreased in 
the cohorts born from 1928 to 1968 for men and from 1923 to 
1968 for women. Our results deviate slightly from that study’s 
results, as after the decrease in the cohort effects for those 
born in the early 20th century, we observed increasing trends 
starting in 1940 for men and starting in 1960 for women. Sev-
eral reasons may account for the difference from the previous 
study. First, the statistical models differed between these stud-

ies. As aforementioned, the trend of estimated age effects in 
the previous study was not consistent with the data, which in-
dicate a noticeable increase in the mortality rate with age. 
Therefore, there is a possibility that the statistical model used 
in the previous study did not model the data appropriately. In 
addition, the time period analyzed in this study is different 
from the period analyzed in the previous study, and it is possi-
ble that cohort effects changed as time advanced. The cohort 
effects experienced by particular cohorts can change in re-
sponse to changes in the lifestyles of the cohort, and differ-
ences in the analyzed periods could lead to different trends 
being observed. In a previous study that investigated mortali-
ty due to CeVD from 1960 to 2000 [10], a greater cohort effect 
was also observed in cohorts born after 1948 for men and in 
cohorts born after 1958 for women. This result is relatively 
consistent with those of our study. However, in this study, we 

Figure 3. Results of age-period-cohort analysis of heart disease (HD), ischemic heart disease (IHD), and cerebrovascular disease 
(CeVD) for women. The y-axis indicates the rate ratio (RR) among the effects. Solid lines signify estimates of each effect, and the 
shadings show credible intervals of each effect. A 95% credible interval indicates the interval where the true value of the esti-
mate is included with a probability of 95%. 
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found that the increase stopped in the cohorts born in around 
1980 for men, but it continued in subsequent cohorts for 
women. The turning points of the cohort effects were relative-
ly consistent between IHD and CeVD for men and women in 
this study.

Compared with the decreased cohort effects of HD, those of 
IHD and CeVD were weaker for men; the decrease was not evi-
dent for women. The reason for this could be that CeVD and 
IHD are diseases that are strongly affected by individual life-
style factors, and they have different characteristics from HD 
in general. The mortality rate in the younger population is 
higher for HD than it is for IHD or CeVD, and the apparent de-
cline in the cohort effects of HD reflects a decrease of the mor-
tality rate in younger ages. It is often challenging to imple-
ment preventive methods to tackle mortality as a result of HD 
at a younger age, which includes congenital diseases. Howev-
er, the increased use of electrocardiography in routine care 
may help identify younger patients who have congenital dis-
eases, and therefore could prevent sudden deaths. Additional-
ly, more public awareness of the risk of heart failure in patients 
who have underlying diseases, such as hypertension or obesi-
ty, is an effective strategy for prevention [18]. According to a 
previous study that investigated the prevalence of obesity 
from 1995 to 2010 [19], the cohort effect showed a decreasing 
trend for the cohorts born from 1962 to 1971 for men, but 
showed an increasing trend for the cohorts born from 1965 to 
1974 for women, which may align with our study’s findings. 
Therefore, further APC analyses should be conducted regard-
ing the exercise and dietary habits of both men and women. 
Furthermore, the difference between the genders is partially 
related to the substantial increase in the cohort effects for 
men in cohorts born between 1940 and 1970. However, this 
study suggests that the cohort effects for women did not de-
crease, as a gradually increasing trend was found in cohorts 
born around the 1960s or later, and a preventive approach 
against IHD and CeVD, particularly for women, is therefore 
needed.

A limitation of this study is that the overall accuracy of 
causes of death listed in Vital Statistics has not been reported 
in Japan. According to a study that investigated the accuracy 
of death certificates in a hospital in Japan, there is not a high 
level of accurate reporting for heart disease being a cause of 
death [20]. The accuracy of cause of death reporting is consid-
ered to depend on the disease. This highlights the need for a 
future validation study to be conducted to better understand 

the accuracy of cause of death reporting. Another limitation is 
that we used data from the younger population for the analy-
sis. The cohort effects identified in this population at the time 
of the analysis may change in the future, making it vitally im-
portant to conduct APC analyses regularly to understand 
trends in cohort effects.
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